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By Edward C. B. Danforth, IIT and John P. Reeder

SUMMARY

Flight measurements of internal cockpit pressure have becn made
in several fighter-type airplenes equipped with either conventional
or bubble canopises. Data are presented showing the variation in
cockpit pressure with indicated airspeed end angle of sideslip for .
poth the canopy-closed and ths canopy-open conditions. Thne effect
of admitting the cockpit ventilating alr is shown for one airplane.
The change in cockplt rressure accompanying & change in englne power
ig shown to be small, Data ars presented showing the varietion of
cockpit pressure with normal acceleration at a constant valus of
free-gtream impact pressure. [At a glven 1lift coefiicient the
cockpit presaurs expressed as & fraction of free-gtream impact
pressure sbove frec-stream static pressure ig shown to be inde-
pendent of normel scceleration. A method 18 outlined for predicting
the cockplt pressure in accelerated flight from measurements made
in unaccelerated fiight.

INTRODUCTION

The noed for a more accurate prediction of the loads on the _
cockpit canopies of service airplancs hee been made evident by the
occurrence of canopy failures in flight-end difficulties encountersd
fn opening snd Jettlsoning the canopies. In order to predict the
1rad on & canopy it is necessary to know the Tressure distribution
over the outer surface of the canopy and the internal presgsure
within the cockpit. The externsl pressure distritution may e :
readily determined from wind-tunncl tests of medels a egtimated by the
moethod. of reference 1., Cockpit.pressure cannot ordinarily be so ]
determined, because of the difficulty of estimating the megnitude of
the lesk ercas that would be present in the canopy and cockpit of
the proposed airplanec, -



2 . _ _ NACA TN No. 1173

Flight data on internal cockpit pressures have been collscted
for representative conventional and bubble canopies, and are
prosented herein as a part of a general program to Ilnvestigato the
pressure dlstribution on cockpit canoples in flight., The data are
presented to indicate the megnituds and variation of the internal
pressures that may be expected and ars applicable to other alrplanes
whose configuration and cockpit leekege are similar to those tested,
It is tuobe expected that airplanes with similar construction would
have similar amounts of cockplt leskage, No evaluation of design
criterions 1s made.

The date in the pressnt paper would also be of intercst in
connection with carbon-monoxide studlies and the problems of heating

and cooling the cockpit.

SYMBOLS
CL alrplane 1ift coeffloient
Py internal statlc pressure under canopy, pounds per square
foot
P external static pressure over canopy, pounds per sguare
e foot
Po free—-strean statlic pressurs, pounde per square foot
qQ free—-stream impact pressure, pounds per square foot
PL —P
L M1 internal pressure coefficient
Qe
De - P '
-111;—42 external pressure coefficient
¢
Vo calibrated airspeed, miles per hour
angle of sideslip, degrees
g ) acceleratlion due to gravity, feet per second per second

APPARATUS

Equipment installed for the present tests included a differential
pressurs Indicator to measure the difference between cockplt pressure
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and frec-strecm static pressure =and, for asirplenes D cnd E, & yaw-
englo indicator connected to & stenderd NACA yaw vens, Tho
atirspced V, and imprct pressure g were obtained from the

readings of the gervice airspeed indlcutors.
TESTS

Thoe tests conducted on ecch eirplane arc summsrized in teble I,
All data werc obteined under steady conditions of flight ond all
pressurcs hove bcen corrccted for installation end heed orrors.

Since no eltitude prossure mecsurecmentis ere avalleble, &ll
cockpit pressures in this report aro presented s functions of the
impact pressure ge. Although tho cockpit pressure may be more
nearly a function of the dynamic pressure g, the srror incurred
through the use of q¢ should be amall.

RESULTS AND DISCUSSION

Effect of Canopy Shepe

Tho pressure within the cockpit of an eirplans in flight is
dspendent upon the lesk srcas through which sir mey flow into end
out of the cockpit and the pregsure drop across theae leaks., In
genereal, air onters the cockpit from somo higher prussure region
puch as the tail-cone opening and leaves through loccks in and
around the canopy to the lower pressurc reglon surrounding the
cCanopy. '

Pe - Fo -

The externel pressurs coefficient ~g; - 1s depondent upon
the size, shape, and engle of stteck of tho canopy and its location
with respect to the vressurc fields of the wing end fuselags., The
higher and morc atrupt ths profilc of thc cenopy, the greater the
maguitude of the extermel pressure coefficiont and the lower the
pressure in the cockpit. Any lesks communlcating with high negative
pregsure roglons of the wing or fuselege will furthcer reducce the
cockpit pressurc. _

. Side views of sll airplancs discussged arc shown in figure 1, emd
the generel effect of cenopy profile on internal cockpit pressurs
with canopy closed isg indicated in figures 2, It is secn thoat those
airplenes with low, flot canopy prefiles, such ag eirplencs B and F,
experience the lsast cockpit depression, The Internsl pressurs
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- D
cosgfficlonta Eﬂ*q;—il for tho high-spsed renge lie betwecon -0,01
*C

for airplanc B and -0.17 for airplanc A.

The shepo of the canopy wes not the only faclor contributing to
the low cockpit pressures mcasurcd In alrplancs A and C. For alr-
plane A, eir flow through the cracks at the bottom of the doors to
the low-prossuro field of the wing ctused an additionsl drop in
cockpit pressure. The lcsk area cround the canopy of alrplane C was
large in comperison with thet for similer types of cenopy considcred
in figure 2,

The pressurcos shown for cirplone B erc not quite compercble with
the rost of the dote in figure 2. It wgs not possible to ghut off
conmpletely the ventilating clr in this airpl ne; conscquently, the
cockplt wos rommed elightly. : S T

With tho exception of the data for cirplenes D and E,. all dste
pregented herein wore obtained from flijht measwrononts madc ovor an_
cxtended period of timc as the airplenss becomc aveiledble. Errers
dues to slightly open ventilators, thercfore, mey be present foi
eirplanes other then elrplane B, From inspoction of thoe dota,
however, it appcars that if such crrors are present thoy are much
smallcy than thet Tor cirplene B.

Effect of Opening Canopy

Opening the windows or canopy of an alrplane incrocses the oasc
with which air may flow out of the cockplt, and thus lowers the
cockplt prossure atill further for e given valuc of 9 Or incrcoases

the rate of depression with speed. The variation of cockpit prespurv
with g, with cenopy open is showm for. several cirplsnes in

figure 3, The varlation with conopy closod is inclvded on ezch
Pisure for comperison.

The drop in cockpit pressurc caused by opening the canopy
emountcd to about 0.17g, for airplane A, about 0.22q, for alrplancs

B end C, and about 0.28q¢ for airplones D end E,

For airplencve D and E the cockplt-presmure plckup wee cttcched -
directly to the inaldec of tho canopy so thet, with the canopy closacd,
tho pickup was Just above the pilot's hoad. Thus the indicated
rreasurs was at all times roprosentative of  the internsl load on the
canopy. For the othor airplanes thy pressurce pickups woere attached
to tho upper right-hond part of the instrument pencl, The date
presented for airplane C with. cenopy open (fig. 3(c)) arc subject
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to question, since with a sliding cenopy of this type (fig. 1(c)) the
progsure in the cockpit may not e equal to the intermsl pressure
acting on the canopy. No guestion of this naturc ls present in the
data for airplanes A or B since the canopics of those alirplanes erec
equipred with windows and ere not the sliding tyre. )

ffect of Sideslip

In a sideslip, the asymmetrical flow over the canopy causes the
external pressure coefficient to becoms more negative and therefcre
causes the internal cockpit pressure to decreass still more rapidly
with gq.. At a given speed the cockplt pressure may e exrected to

decrease ag the angles of sideslip is increased until the canopy
atalls.

The effect of gideslip on cockpit pressurs is shown in
figures b(a) and 5(b) for airplanes D and E, respectively. With
canopy clcsed, at a given alrspeed, the cockpit pressure is seen
to decrease etill further with angle of sideslip. For airplans D
at 250 miles per hour with canopy closed, 20° right sideslip caused
the cockpit pressure to decrense by 18 pounds per square foot. With
canopy open, at a given airspeed, the cockplt pressure lncredses
with anzle of sideslip. In this casc the alr comes directly into
the cockpit and has & ramming effect. At 200 miles per hour with
canopy open, 10° left sideslip caused an increase in cockpit
pressure of about 35 pounds per square foot. -

In figures 4(b) and 5(b) the data have been replotted against gq,

for constant angles of sideslip, With canopy closed, the rate of
change of cockpit pressure with g, Iincreases with angle of sidcslip.

With canopy open, the offect of sideslip at a given speed is to
increase the cockpit pressure, The over-all effect.of increasing the
speed at a constant angle of sideoslip, however, ls to decrease _the
cockplt pressure.

It should be noted that for airplsne. D all sideslip date for the
canopy-cloged condition were msasured with the ventilating alr full
on. Data to be presented in the following section indicate thet, with
canopy cloged, the ramming action of the ventilating air incressed
the cockpit pressure by appreoximotely Q. 07q9,, With the ventiloting

air off, the cockpit tempsrature was untearsble and prccluded
obtainina data for this condition. No such difficulty weas encountersd
with alrplenc E, The magnitude of the preassurcs obtained in sideslip
in thec airplancs D and E are thus not directly comperable, but it is
folt that the chenge in cockpit. prossure per dogreoc of sidoslip angle
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at any given speed should be comparable. The cockplt pressurc appears
to decreasa alightly more repidly for airplane E than for airplane D
although it is difficult to reach any definite conclusions because of
the limited amount of data for airplane E,

Effect of Ventilating Air

Measurements were madeée in airplane D as an exemple of the
magnitude of the pressure changes within the cockpit with the
ventilating air on andi off, In spite of the high cockpit temperaturce
measurements could be obtained in straight flight by turning tlie
ventilating alr off Just long enough ta »ead the cockpli-pressure
indicator. These data are presented in figure 6, The ventllating
air has the effect of ramming the cockply and for this case the
cockpit pressures were. increased by approximetely O.O"(qG throughout

the speed range tested.

Effect of Power

Measgurements of cockpit pressure in the power-off condition
have been made in airplanes A, B, and C and aro prescontcd in
figures T(a), 7(t), and 7(0), respcctlvely. The cockpit pressure
with power off wee about 5 pounds per square foot higher thsn with
nowsy on becausce of the—lowered volocity over the canopy in the
absence of the propeller glipstream., Theé data for airplane B
(fig. 7(b)) are unusual in that, at high specds, lowsr cockpit T
pressurcs were obtainod with power off than with powsr on. This
result is due to the slightly open cockpit ventilator. The
ventilating alr, coming from the entrance of the radiator duct,
would be at & lower pressurc with power ¢ff than with power onm.
The consequent rcduction in flow of the vcnt‘latinp alr was apparcnily
enoush to more then compensate for the reduced velocity over the
Canopy. '

Effect of Normal Accoleration

For unaccelerated flight 1t was found convcnlent to plot ilhe
cockplt prossure differential py - Po against des since, sxcapt

for the effect of compressibility, gq, 18 a function of the attitude

of the airplane. This method of plotting the deta can be oxtonded
to accelerated flight by retaining tho normal accelcration as a
parameter.

[
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Measurements of cockpit pressure have been made in sirplane B
in turns under normal accelerations of 2 g and 3 g . Thesc data arc
presented in figure &e). The cockpit pressure at a constent wvalue
of g, 1s seon to increase with normal acceleration at a rate of

about 5 pounds per square foot per g because of the increasing angle
of attack of the airplane. In figure 8(b) those data have been

replotted as 220 against Cp, and ave thus independent of the

normal acceleration.

The cockpit pressure in accelsrated flight cen be obtained from
' Py - D
measurements made in unaccelerated flight. Sincs —2—a;—9~ is solely

a function of Cp, 1t is necessary only to calculate the g,

corregponding to a given value of CL in accelerated flight and

multiply it by the wvalus of 2145_29_ corresponding to the same
c

velue of Cp in unaccelerated flight.

These calculations were made for airplenes A, D, and E in the
canopy-clogscd condition, and the resulis obtaincd have been plotted
in figures 9, 10, and 11, respectively. Airplanc E,vwhich showed the
Ei—ézgg with Cj, has, naturally, the greatcst
change in cockpit pressure with normal acceleration at & constant
value of g, (fig. 11). The effcct of acceleration is not so great

for airplane D (fig. 10) as for airplane E. It will be noted that
the cockpit pressures decrease with normal acceleration for alrplane A
at values of go below 240 1b /eq £t (fig. 9(b)) and the slops of

Py - P
o Sl against CL changes sign. This effect is probebly

largest variation of

the curve of

the result of excessive leakage of air from the cockpit to the low-
pressure region of the wing-fuselage junction at the higher 1ift
coefficients, ' N

SUMMAEY OF RESULTS

An analysis of internal cockplt pressure measurcments for six
flghter-type airplanes showed the pressure within the cockpit to be
almost invariably negative with respect to froe-strecam atatic
pressure., As in the case of alrplanes B and D a emall positive
cockplt pressurc may be expected at low specoeds with ventilating air
on, In stralght flight with canopy clvosed the cockplt pressures for
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all airplanse tested ranged between the pressures measured in
airplanes A and B. The Internal pressure coefficlent was almost
zero in the case of alrplane B but was as great as -0.17 for
airplane A. '

Opening the canopy in stralght flight always caussd a further
drop in cockplt pressure. For airplane A this drop smounted to
about 0.17 (where q, 1s free—stream impact pressurse), for airplanes
B end C to about 0.22q,, and for airplanes D and E to about O.28qc.

The effect of sideslip was to decresase further the cockplt
pressure with canopy closed and to increase it with canopy open.
For alrplane D at 250 miles per hour with . canopy closed, 20° right
sidealip caused the cockplt pressure to decrsase by 18 pounds per
square foot. At 200 miles per hour with canopy open, 100 left
gidesllip caused an increase in cockpit pressure of-about 35 pounds
per square fopt.

The effect of admlitting the cockplit ventilating alr is to
increase the cockpilt pressure end, for the case of alrplane D,
amounted to about O.O'Tqc throughout the speed range tested.

For the alrplanes tested, theo cockpli pressure in the power—
off condition was found to be sbout 5 pounds per square foot higher
than that moasured with power om at correspcnding alrspeeds.

The effect of normal acceleration on cockplt pressure .was found
to be about 5 pounds per square foot per g at 'a constent value
of gq,. for alrplane B. The internal pressure coefficient when
plotted agalinst the airplane 1lift coeffic*ent is independent of the
normal acceleration.

Langley Memorial Aeronautical Iaboratory
National Advisory Committee for Aeronautics
Lengley Fleld, Va., July 26, 1946.
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TABIE T.- AIRTIANES TESTED AND TEST CONDITIONS

Conditions Sideslips; | Ventilating Effect
tested | Canopy ;| Canopy canopy air on and |Power on| of normel
cloged. § open closed off; canopy |and off | acceleration
Atrrlane and open closed
A X x b 4
B x x x x
c X x X
D X X x X
i X b'd x
F x
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(a) Alrplane A,

Figure 1.~ Side views of test alrplanes.
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(b) Airplane B.

Figure 1.- Continued.
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(c) Alrplane (.

Figure 1.~ Continued.
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(e} Alrplane E.

Flgure l.- Contlnued.
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(f) Alrplane F.

Figure 1. Conecluded.
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Figure 2.- Qomparison of cockpit pressures with canopy closed and power on for
several airplanes showing the variation of cockpit pressure with shape of canopy.
Oockpit ventilator slightly Open for alrplane B. .
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(a) Airplene 4.

Flgure 3.~ Varlation of cockpit pressurs with
cancpy closed and canopy open. Powar on,
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(a) Variation with angle of sideslip at constant calibrated airspeed.
Figure l4.- Effect of sideslip on cockpit pressure for airplane D,

Ventilating air full on; power on.
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Figure 5.- Effect of sideslip on cockpit pressure for airplene E,

Ventilating air off; power cn.
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(b) Variatiom of PL” 50 ywitn o . same data as for figure 4(a).

Mgure 8, Effect of normal aoceleration on cockpit pressurs for airplane B with
canopy closed, power on, and cockplt ventilator slightly open,
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(b) Oaloulated effeot of normal acoeleration on cogkplt pressure.
Figure 9.~ Effect of normal scceleration on cookpit pregsure for alrplane A.
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(a) Variation of 2.’:.&:_22 with 0, from unacoelerated-flight data.
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(b) Oalculated effect of normal mooeleration on cookplt pressure, .
Figure 10,~- Effect of normal acoeleration on cockplt pressure for airplane D.
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(a) Variation of 217 %0 with 0, from unsccelerated-flight data.
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(b) Oaloulated effeot of normal accelsration on cockpit pressure.
Figure 11.- Effect of norms]l soceleratiom on cookplt pressure for airplane K,
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